We report here the synthesis and in vivo anticonvulsant/neurotoxicity activities of a series of compounds belonging to 2-aryl-4-arylidene-1-phenyl-1H-imidazol-5(4H)-one. The scaffold is based on the commonality of 5-membered lactam ring structures as successful anticonvulsant agents. The present compounds exhibited a range of anticonvulsant activity in pentylenetetrazole (PTZ)-induced seizure test. In particular, the protection was excellent by compounds bearing furylmethylidene on C4, possibly due to good pharmacokinetic properties. It was found that high lipophilicity and/or electron deficient aryl ring substitution at C4 compromised the anticonvulsant activities. For example, chloro analogues were found much less active than unsubstituted phenyl or furyl derivatives. Regarding side effects, active compounds exerted no observable neurotoxic effect at their therapeutic doses in Chimney test.
Introduction
Interest in developing new anticonvulsant medicines is still high after a century of introducing phenobarbital in 1912 [1] . This can be attributed to variety of reasons related to the epilepsy as a disease and to the anticonvulsants as drugs. Epilepsy is a serious disease that does not only devastate the welfare of the affected person and people around, but also it threatens the patient's life [2] . The estimated proportion of the general population with active epilepsy at a given time is between 4 and 10 per 1000 people [3] . This ratio is doubled in developing countries as they harbor more than 90% of active epileptic cases. This is possibly due to increased risk of incidents leading to permanent brain damages [4] . Regardless the fact that there are at least 20 FDA approved antiepileptic drugs (Examples, Figure 1(a) ) [5] , the control of epileptic seizures stays around 70% of active epileptic cases only [6] . This underscores the need for continuing the research aiming at developing new antiepileptic agents to help patients not responding to current medicines [7] .
On the other side, anticonvulsant agents are never been limited to the treatment of epilepsy only. Indeed, the anticonvulsants are versatile agents that have plethora of indications such as bipolar disorders, fibromyalgia, neuropathic pain, idiopathic pain, prophylaxis of migraine, and others [8] . This explains the rapid growth of the anticonvulsant market from $8 billion in 2003 to approximately $14 billion in 2008 [9] .
Chemically, anticonvulsants have very diverse structures even among those sharing similar mechanism of actions.
Nonetheless, a five-membered ring having at least an amide group (lactam) is a common feature in several established anticonvulsant agents (Figure 1(b) ) [10] . In this direction, imidazolone derivatives have been explored for anticonvulsant activity. For instance, compounds of chemotype I-IV (Figure 2 ) were found to have weak to moderate activities in pentylenetetrazole (PTZ)-induced seizure test. However, compound I showed neurotoxicity which is a common adverse action accompanying anticonvulsant activities [11] [12] [13] . Accordingly, we decided to investigate the potentiality of imidazolone derivatives as anticonvulsants against their neurotoxic side effects.
Chemistry
The target 2-aryl-4-arylidene-1-phenyl-1H-imidazol-5(4H)-one derivatives 3a-x were synthesized by the condensation of a series of aryl amines with 4-arylidene-2-phenyl-5-(4H)-oxazolones (2a-d). The intermediate oxazolones (2a-d) were prepared by the condensation of aryl aldehyde with benzoylglycine in the presence of sodium acetate and acetic anhydride (Erlenmeyer oxazolone condensation) as illustrated in Scheme 1 [13] . The structure and purity of the compounds 3a-x were established by melting point, elemental analysis and spectral data.
Pharmacological Screening
In vivo anticonvulsant activities of orally administered compounds 3a, f, g, l, m, r, s, x at 147.8 mmol/kg dose were determined using pentylenetetrazole (PTZ)-induced seizure test and compared to those obtained for sodium valproate as a reference (established broad spectrum an-tiepileptic drug with wide safety margin) [14] . The preliminary results revealed that compounds 3a, f, s and 3x produced significant anticonvulsant activity ( Table 1) .
ED 50 measurement of the four active compounds confirmed the high potency of compounds 3s and 3x compared to that of the reference compound ( Table 2) . Noteworthy, none of the active compounds showed neurontoxic activity at their ED 50 molar concentration in Chimney test for measuring locomotor impairment [15] .
Results and Discussion
The design of the compounds which was based on precedent five-membered lacatm anticonvulsants (Figures 1(b) and 2) met our expectation of promising anticonvulsant activities.
The excellent potencies of some of imidazolone compounds (compared to the reference) constitute strong evidence of inherence of anticonvulsant activity to the presented scaffold [13] . From our point of view, the higher activity of our compounds can be attributed to the aryl substituent at C2 (phenyl group) while some of previously reported compound lacked this group. In addi- tion, results showed clearly that the presence of benzylidene and furfurylidene groups at R 1 is contributing significantly to the protection against seizures. The benzyl 3f and 3x showed one fold decrease in potency than phenyl derivatives 3a and 3s. Therefore, anticonvulsant action deemed less sensitive to variations at R 2 group. There is more than one possible explanation to this SAR profile. The R 1 site may only tolerate small electron rich ring such as 2-furyl or phenyl. Substituted phenyl might pose steric conflicts inside the binding site of these compounds. Second possible reason may relate the potency to the global molecular properties. The miLogP of the furfurylidene compounds (especially 3s) are optimum (3.6) and for benzylidene (4.48) while other Lipinski's Ro5 parameters are well controlled [16] . Although methoxybenzylidene derivatives (example compound 3m) have similar miLogP to that of phenyl analogue 3a (4.43) and the ring has high electron density, it exhibited no anticonvulsant activity. It is notable that the methoxy group is the bulkiest among all substitution in the presented series while the furyl is the smallest. Another molecular descriptor might be interfering with potency, is the fractional polar surface area of the molecule. It is well known that the anticonvulsant compounds must achieve maximum penetration through the blood-brain barrier, therefore, the bioavailability are dependent on fine balance of the molecular structure and its global physical properties [17] . In this regard, it is noted that the furyl derivative 3s has significantly higher polar surface area than that of the other phenyl analogs such as compound 3a.
Conclusion
This work did not only introduce compounds with higher in vivo potency than that of reference compound but also they caused no impairment of locomotor coordination at therapeutic doses. Moreover, the furylmethylidene at R 1 proved ideal for potency as research should continue to explore more compounds of this chemotype and their isosters.
Experimental

Synthetic Procedures
All melting points are uncorrected and measured using Electro-thermal IA 9100 apparatus (Shimadzu, Japan). IR spectra were recorded as potassium bromide pellets on a Perkin-Elmer 1650 spectrophotometer (USA), 1 H NMR spectra were determined on a Varian Mercury (300 MHz) spectrometer (Varian, UK) and chemical shifts were expressed as ppm against TMS as internal reference. Mass spectra were recorded on 70 eV EI Ms-QP 1000 EX (Shimadzu). Microanalyses were operated using Vario, Elementar apparatus (Shimadzu) and the results were within the accepted range (±0.40) of the calculated values.
General Procedure for the Synthesis of 4-Arylidene-2-Phenyl-5-(4H)-Oxazolones (2a-d)
A mixture of benzoylglycine 1 (1.77 g, 0.01 mol), aldehyde (0.01 mol) and freshly fused sodium acetate (0.5 g) in acetic anhydride (20 mL) was heated at 100˚C for 2 h. and cooled. The obtained crystalline product was washed with water then aqueous ethanol and crystallized from ethanol to give white crystalline solid of the oxazolone derivative. Compounds 2a-d were characterized and confirmed by comparison with literature data [18, 19] . Compounds 3a, 3c, 3d, 3f, 3g, 3i, 3l, 3m, 3o, 3r, 3s and 3x [20] [21] [22] [23] [24] [25] [26] [27] [28] were prepared according to the general method and structures were confirmed via comparison with literature data. 
General Procedure for the
Anticonvulsant Assay
Animals
Male Swiss albino mice (The Nile company for pharmaceutical and chemical industries, Cairo, Egypt) weighing 20 -30 g were housed in plastic cages in a temperature-controlled (25˚C ± 1˚C) environment under a 12 hr light/dark cycle. Standard rodent food pellet and tap water were available ad libitum. The mice acclimatized to these conditions for a minimum of 1 week before initiating experiments.
Neurotoxicity Assessment
The synthesized and the reference sodium valproate were assessed for their neurotoxic (motor impairment) properties using Chimney test [15] . The animals had to climb backwards up a glass tube (3 cm inner diameter, 25 cm long). Motor impairment was evidenced by the inability of mice to climb backwards up the tube within 30 s. Mice were divided into 6 groups of 6 animals each. The first group received vehicle (tween 80/saline). The second group received sodium valproate. Group 3-6 received compounds 3a, f, s, y respectively. Drugs (ED 50 ) were given orally 30 min before being tested.
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